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Cultivation of champignon mushroom does not cause serious problems. Difficulties arise when after 6-8 weeks of mushroom growing (or cultivation) a waste appears in the form of a used soil substrate -widely known as casting soil from the cultivation of mushroom -which cannot be reused for the same purpose. Due to the fact that the mushroom growers are not legally obliged to register the amount of the produced substrate, it is assumed -on the basis of estimated data -that for every 1 kg of mushroom collected 5 kg casting soil from the cultivation of mushroom is produced. Substrate used for the cultivation of mushrooms is classified as waste of code 02 01 99 which defines waste from agriculture, gardening, hydroponic cultivation, fishing industry, forestry, hunting and food processing. It falls into the category of "other unlisted wastes" [5] . Soil used for the cultivation of mushroom is a substrate made of horse manure. However, since in Poland the number of horse stud farms is limited, while and poultry farming is very developed, the substrate for the cultivation of mushrooms is made of poultry litter and animal bedding. Moreover, the substrate contains additional admixtures of raw materials used for the production of cellulose, plaster as well as winter grains straw and water [6] . Often, other additives are used, such as structure-building and nurturing substances which include: carbonates, urea, soy protein, coconut fibres and casing soil made of a mixture of low-moor or transitional-moor peat along with high-moor peat and alkalinizers [7] . Parallel to the rapid increase of the production of champignon mushrooms, the amount of the substrate use for their cultivation increases. This becomes a problem for the manufacturers who need to look for the possibilities of its safe utilization in a way, which is positive or neutral for the environment.
There are various ways of reuse of the waste substrate from the cultivation of mushrooms, for example composting or direct implementation to restore degraded areas [4] . Production of mushrooms is realized throughout the whole year and the waste substrate can be used to fertilize heavy soils only in some seasons -for example in autumn, before planting or sowing plants, and in spring for lighters soils [8] .
Given the above-mentioned facts, other possibilities for managing the waste substrate from mushroom farming in Poland must be investigated. Given the above-mentioned facts, other possibilities for managing the waste substrate from mushroom farming in Poland must be investigated. Consequently, this study aims to analye the suitability of SMC as a bioenergy feedstock in coal-fired co-combustion plants.
Used substrate could be managed throughout the whole year internally for the production of energy. First, it should be divided by a mechanical separator into casting soil and a substrate base [9] .
ENERGETIC USE OF BIOMASS FROM THE CULTIVATION OF CHAMPIGNON MUSHROOMS
Member countries of European Union try to increase the share of the energy from renewable sources in the total amount of the generated energy. Common use of renewable fuels makes it possible for example to co-combust coal and biomass in utility plants' boilers. By the year 2020 the share of renewable energy should reach a level of 20% of all the energy produced. This could be achieved, among others, by application of co-combustion for the production of energy [10] . Biomass is nowadays considered as one of the most desired sources of energy. It is advantageous both to the environment and to the economy. Thanks to the [10] . Due to the fact that there are various financial programs, which encourage production of energy from renewable sources and considering binding legal regulations and prices of electricity and heat, it is observed that the use of biomass for the production of electricity in Poland is developing. Biomass can be processed into solid, liquid or gas fuel [12, 16] . Biomass in the solid phase is appropriate for pyrolysis, combustion or gasification, giving a mixture of carbon oxide and dioxide, methane and hydrogen. This gas may be processed into electricity and heat. It may also be a basis for the production of methanol or engine fuel [14, 15, 17] . Used substrate from the cultivation of mushrooms is a waste, which may be classified as biomass according to the definition specified in the Directive. This data is to a large extent unspecific and thus this type of biomass cannot be used in the electric power industry; mostly due to the lack of guarantee that the appropriate amount of biomass will be obtained in the next 10-15 years. The amount of biomass depends on the demands for mushroom in the market.
MATERIALS AND TEST METHODS
The purpose analysing or evaluating the suitability of SMC as energy resource in co-combustion facilities and calculating the environmental benefits from its utilization as opposed to 100% fossil-fired power generation. The bottom fraction of the mushroom growing substrate containing the straw, poultry litter etc. was separated from the top peat casing layer using a mechanical separator. The bottom layer constituted 80% of the total mass of the fresh substrate and the SMC 20% of the initial mass. For laboratory analysis SMC was mechanically granulated.
Determination of fuel properties
The purpose is to determine the technical feasibility of directly co-combusting SMC with hard coal. The scope of tests covered measurements of the following factors: total moisture content (MT), combustible and volatile matters, ash content (A), Gross Calorific Value (GCV), Net Calorific Value (NCV), as well as elements content carbon (C), hydrogen (H), sulfur (S), nitrogen (N), chlorine (Cl) and oxygen (O).
Determining the fuel properties of casting soil from the cultivation of mushroom constituted a base for the determination of indexes for gas emissions from the co-combustion process.
Calculation of gas emissions from the co-combustion process
In the initial phase of calculation it was determined what are possible proportions of fuel mixture components for the co-combustion of hard coal with SMC. The results of preliminary calculations are presented in Table 2 . The calculations made it possible to state that with the increase of the amount of SMC in the mixture, the content of coal and hydrogen decreases, and the content of nitrogen, sulphur and oxygen increases. The performed simulation enables determination of the best composition of the fuel mixture for the co-combustion process. That is 5% SMC and 95% of the hard coal. The presented chemical elements composition constitutes the combustible mass of the fuel in the operational state. They are important for the analysis of the process of co-combustion of wastes with conventional fuels. When comparing combustible elements in the casting soil with the ones in the hard coal in the state required for the analysis, it was noted that the SMC contains more sulphur, chloride, nitrogen and oxygen than the hard coal. Performed tests showed that the sulphur content in the SMC falls at the level of 3% and exceeds fourfold the sulphur content in the hard coal. Content of chloride does not exceed 0.5%. The amount of chloride in hard coal is minor and does not go beyond 0.1%. Low chloride content in a fuel destined for the combustion is desirable as it has undesired corrosive properties [18] .
The higher the content of hard carbon and hydrogen in the fuel, the better its energetic properties are, irrespective of other parameters which for example determine its calorific value. Carbon content in coal is two times higher than the carbon content in the SMC. A similar relation is observed for hydrogen. The analysed SMC contains three times more nitrogen and twice more oxygen than the hard coal. High level of oxygen may result from its constant contact with the air during cultivation of mushrooms. The Chemical Eq. Programme Gaseq and the emission inventory guidebook developed by the European Environment Agency within its European Monitoring and Evaluation Programme were used to perform the necessary combustion equilibrium calculations and determine the emissions from the process of co-combusting SMC with hard coal. The energy emission factor of each feedstock -coal, SMC and their mix -was calculated for selected pollutants according the following formula [19, 20] :
NCV -net calorific value of fuel, MJ/kg, EF pollutant -emission factor of pollutant, kg/Mg.
Emission of gas components was determined according to the following relation [19, 21] :
Q f -fuel use, kg/hr, EF pollutant -the emission factor for this pollutant, kg/Mg. For the calculation the following assumptions were made: efficiency (η = 80%), nominal heat output (M = 300kW), fuel mixture ratio (λ or L = 1.5), oxygen content in exhaust gases over 6%. Fuel use (Q f ), was calculated on the basis of the following formula [21] :
M -nominal heat output, kW, η -efficiency, %, NCV -net calorific value of fuel, kJ/kg.
RESULTS AND DISCUSSION
Test results from the analysed material were processed according to the common methodology and listed in a Parameters of TOC, LOI and heat of combustion limit the possibility to deposit SMC in landfills. Table 4 presents results of the measurements of basic properties of the tested material and hard coal as a point of reference. In order to check possibilities of co-combustion of the SMC on the basis of the results of performed tests and data concerning hard coal, the tested material was compared with conventional fuel. Moisture content is the basic parameter which determines the quality of a fuel. In the case of solid fuels, it is ballast, which may create problems in transport, storage or in its energetic use. An increase of the moisture content does not only influence the quality of decomposition of a fuel but it also significantly lowers the heat of combustion, and it decreases the calorific value due to the fact that a part of the heat is lost for heating and vaporising water [14] . Total moisture content in case of the SMC is approximately 32%. Moisture content in hard coal is almost two times smaller half. The high moisture content of the SMC leads to a low net calorific value of approximately 7.92 MJ/kg. This value is much smaller than the calorific value of the hard coal which amounts to 19.10 MJ/kg.
The bulk density SMC is sixfold less that of hard coal. Low bulk density may cause problems during transport of fuel and may require large areas to store the material [14] . When heating solid fuel (ex. biomass) volatile matter is emitted as a result of thermal decomposition. On the basis of comparison of volatile matter content in tested material and hard coal, it was noted that the casting soil has a high content of volatile matter. During the combustion process a large amount of energy is emitted from the volatile matter, therefore special construction of the combustion chamber is required, where the supply of air for the combustion is located over the fuel layer [14] . One of the parameters, which determine effectiveness of combustion, is content of volatile matter and ashes. Each fuel consists of a combustible part and non-combustible, which is formed by ash and humidity. The content of combustible particles (in dry state) in hard coal in the dry state amounts to 80% and is higher than the content of combustible particles in SMC, where it reaches about 70%. The chemical composition of ashes in biomass differs significantly from the chemical composition of the hard coal. Ashes from biomass contain many alkaline components, which lower the melting point of ash. Ashes produced from the combustion of biomass also have a lower softening point, which intensifies formation of sediments at the heated surfaces [14] . Ash in the SMC constitutes approximately 31% (dry basis) which is more than the ash content in the hard coal, which in dry state amounts to 19.40%. In the operational state ash content of both fuels is similar. Emission of waste gases to the air is a side effect of combustion of any type of fuel. Calculated emission was expressed in kg/GJ and presented in Fig. 1 . Nitrogen oxide(s) (NO x ) belong to the most toxic waste gases as they contribute to the creation of acid rains, participate in the generation of smog and play a significant role in the destruction of the ozone layer. Emission of NO x was 0.14 kg/GJ for the SMC and 0.08 kg/GJ for the referenced hard coal. Considering the process of direct co-combustion of hard coal with the SMC, emission of NO x is at the level of 0.08 kg/GJ. Production of energy from the SMC gives emission of carbon dioxide (CO 2 ) of 107.36 kg/GJ and the combustion of the similar amount of coal gives emission of 100 kg/GJ. Despite the fact that the actual CO 2 emission during combustion SMC is higher than CO 2 emission for the hard coal, it is not included in the balance of greenhouse gases due to the fact that plants in the process of vegetation bond this gas from the atmosphere and the CO 2 circulation in the natural environment is closed which limits CO 2 emission to 97.86 kg/GJ, that is 2% less when compared to the combustion of hard coal. Combustion of SMC emits 0.01 kg/GJ while emission of carbon oxide (CO) from the combustion of the referenced hard coal equals 0.26 kg/GJ. Calculated emission of the particle matter during combustion of the SMC is 0.0004 kg/GJ, which is almost 400 less than the pollution emitted by the combustion of coal. However, in the process of co-combustion of hard coal with SMC emission of the particle matter reached the level of 0.15 kg/GJ. Emission of sulphur dioxide (SO 2 ) per energy unit from the SMC is about 90% higher than the hard coal emission and about 18% higher than that of the 
mixture. Furthermore, it was noted that the content of sulphur combusted to SO 2 in the process of cocombustion of biomass and coal to SO 2 increases with bigger amount of SMC. Table 5 presents rough calculation of hour emission for actual state and the designed state. A degree of reduction of the pollution has been calculated on the basis of the amount of yearly emission. Moreover, the reduction of the amount of emitted pollution was presented in weight unit after incorporation of the process of direct co-combustion of hard coal with the SMC at the area of the SMC. At the moment, in the area of the mushroom house a boiler is installed which is destined for combustion of conventional fuels and renewable fuels of plant origin. Installed boiler is a source of heat for stables, farms and social rooms. Parameters of the boiler were determined for fuels that have moisture content up to 30% and calorific value of at least 11.51 MJ/kg. All the calculations were performed in accordance with the actually valid standards. 
CONCLUSION
Use of casting soil formed for the production of champignon mushrooms will not result in a significant increase of the emission of the pollution to the atmosphere, but will solve the problem of its management "at the source" and at the same time will limit the use of coal. The moisture content of the fuel mixture consisting of SMC and hard coal will not have any negative impact on the combustion process as this value does not exceed 30% and meets all the crucial requirements for a proper combustion process. Adding SMC to the coal will not cause any drastic changes in the calorific value. However, such changes are observed and they arise from the fact that the mixture has lower content of carbon and hydrogen than the original fuel. Despite the fact that the SMC shows higher content of sulphur, chloride and nitrogen, oxygen than the hard coal, application of mixture with 5% SMC and 95% of the hard coal will not cause any big changes in the amount of elements, as compared to the fuel which is formed only by coal. However, adding SMC to the fuel feed will result in a yearly increase of emission of SO 2 , HCl or NO x . These changes are so minor that the SMC can be successfully put to the boiler. It needs to be underlined that the advantage of the SMC is zero balance of CO 2 emission which concerning closed circulation C-CO 2 -C, is a solution that cannot be given by the conventional fuel. Co-combustion of SMC with the hard coal is practically a no-cost solution and may be effectively realized in the boiler used now, located in the area of the mushroom house. From the point of view of the organization of the co-combustion process, this process can be carried out immediately without any loss of production efficiency. Co-combustion with the coal makes it possible to solve the problem with the deposit of the SMC and contribute to the decrease of CO 2 , CO and particle matter emission. Another advantage of the co-combustion of the SMC in place where it is produced is elimination of the pollution emission (carbon oxides, nitrogen oxides, hydrocarbons, including polycyclic aromatic hydrocarbon as well as solid particles and heavy metals) which come from the transport of coal to the utility plant.
